Channel-opening kinetics of GluR6 kainate receptor.
GluR6 is an ionotropic glutamate receptor subunit of the kainate subtype. It plays an essential role in synaptic plasticity and epilepsy. We expressed this recombinant receptor in HEK-293 cells and characterized the glutamate-induced channel-opening reaction, using a laser-pulse photolysis technique with the caged glutamate (gamma-O-(alpha-carboxy-2-nitrobenzyl)glutamate). This technique permits glutamate to be liberated photolytically from the caged glutamate with a time constant of approximately 30 micros. Prior to laser photolysis, the caged glutamate did not activate the GluR6 channel, nor did it inhibit or potentiate the glutamate response. At the transmembrane voltage of -60 mV, pH 7.4 and 22 degrees C, the channel-opening and -closing rate constants were determined to be (1.1 +/- 0. 4) x 10(4) and (4.2 +/- 0.2) x 10(2) s(-1), respectively. The intrinsic dissociation constant of glutamate and the channel-opening probability were found to be 450 +/- 200 microM and 0.96, respectively. These constants are derived from a minimal kinetic mechanism of the channel activation involving the binding of two glutamate molecules. This mechanism describes the time course of the open-channel form of the receptor as a function of glutamate concentration. On the basis of the channel-opening rate constants obtained, the shortest rise time (20-80% of the receptor current response) or the fastest time by which the GluR6Q channel can open is predicted to be 120 micros. The open-channel form of the receptor determines the transmembrane voltage change, which in turn controls synaptic signal transmission between two neurons. The comparison of the channel-opening kinetic rate constants between GluR6Q and GluR2Q(flip), reported in the companion paper, suggests that at a glutamate concentration of 100 microM, for instance, the integrated neuronal signal will be dominated by a slower GluR6Q receptor response, as compared to the GluR2Q(flip) component.